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1.0 Statercnt 21 Jork
Paragraci. (7) »f the State~ent of vork, Article 1 in .. 36042,

reads as follows:

"londuct experimentation bo deb ridne the rinst orowising
matiiod of achieving short btzrm stavle frouency dirsion’,

The primacy vurpose of the frenuency division is o miake noscible

the accurate measurerent of phase noise under conditions where &

ic
instantanecus phaie deviation mizht be as greab as four radians. The
followin: paragra-hs -descrive the experiﬁcntation comwdricted and the
concluisins reached,
2.0 IZxperirental .ork on Frequency Division

fA block diagram s owing the applicztion of the freguency <ivision
is sliown in figwe 2.,1. The 10 MC signal containing »nhase noise with
instartanecus deviation up L radians is corm.red in a »hase Actector
with a noise free 10 MC signal from the reference oscillator, Since the
linear range of operation of a phase degtector is inheccntl, lin ted
to approximately nne radian, frecuency division must te acconélixhe& %0
prevent the noise from excesding the linesr range af the phase detector,
Division by a factor o. 2, 4, or 8 is desired., The stability of the
frequency dividers suould be such that negligible error is introduced
into the final mi.asurenent.
2.1 lethods of Accomnlishing Frequency Division

Two methods of frequency division were considered as guitable

for this application:

(1) Division by bistable multivibrators, and (2) Division
by phase locked loop,
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The bistable multivibrators method is shown in block form in
figure 2,2, A squaring amplifiar is used to nrov'de a sunitable drive
to a series of bistable multivibrators which are connected in one nf
several confijurations which will accomplish binary division. The
outnuts from this method are squara waves at the desired frequencies,

A block diagram showing a method ¢f division by phase locked loop
is shown in figure 2.3. In this method, a vnltage controlled o§ci11ator
is used to prodice the desired frequency. The oscillator is phase locked
te the inout sijyral Ly comparisorn in a phase detector of the multiplied
outout of the 7CO, the filtered output of the phase detector controll-
ing the frequency of the VCO. Division factor can be changed by shift-
ing from the VCO to the appropriate multiplier output.

Experimentation to determire which of the two methods is nost
promising is described in the following paragraohs.

2 Zxperinentation of Division Using Bistabtle Multivibrators

As seen in figure 1, two identical frequency dividers are used,
one in the reflerence path and one in the signal path. Therefore, the
nroblem in this case was to determine the relative jitter between two
identical binary dividers dividing by 2, L, or 8 from 10 MC, The only
tyoe logic readily available for this experimentation was the Soloron
btreadboard logic, capable of 10 !iC operation and having rice times in
the order of 10 n sec,

Two identical binary diéider circuits were connected as shown

in figure 2.4. Gates were used in interconnecting the flip-flops to

[N
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aroduce a crey coce counter confijweatlon, the moast esiralle ehind of

dividiiyg by Y since only one f1lip-flop chin, us slate at a tine. in
order to letermine the relative jitier bebwesn the tuo dividers, the
outnut o5 one was anplied to the vertical input to a Toktronix ool
scope, while the output >f the obtner was appliod to the 'rirser,

As s.own in the photorra-is in fimure 2,5, no jitter could be observed,

For comp rison nuronscs, the upper view in each nhoborra-h was rale

witn the scope symcar-nized inkterrally, If the resolibinon I the scope
is taien as 1/17 of the smallest divisinn .2 epn), The raxinum jitter
w.ich wh 1d not be detectable is .1 x .2 x 19 1 sec/em = 0.2 na .asecrnds.
This ficare 1 cludes any gitter in the scone trig-er circuits as well

as tic sam of the jitter in the two binar circuits,

It was noted that the fall time of the [1ip-flop out :ubt is ap=-
ornxinmately 10 nannseconds, btut the rise time is in excess of 50 nano-
éeconds. This results in asymetry wiich woild certainl  show up as a
reduction in the linsarity when used te drive a dijital phase d-tcetor,

Ls a further check, the outouis of the two dividers were connected
to an elementary digital phase detector as s..own in Figure 2.,6. The
digitel phase detector is shown in Figure 2.7, Use of this btyne phase
detector is desirable if the rise and fall times of the flin-flop nut-
Hubts can be made equal and sufficiently fast. The oubtnut of the digital
phase debector was examined carefully for evidence of 60 cycle rip le;
none was o:served., Jince the sensitivity of the nhase -etector was

" nv/degree, and the maximum sensiivity of the scope 50 nv/cm, thz 60

cycles in order to be unobserved must have been less than .1 x .2 X 50
3
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= oor rode ool W20 deprees ab 1,20 070 W2 nnLonee .
LU r s vz cmcounber in atbempiisg; bo chocl the linaraty
nUothe Nhase ddetectors Thveent ol the winer rm A0 Yhe varcialle delay

-

1lncs ucud 2o ~o0n siifters invriably resulbed in erratic conabinge
asticna, coagln Jump inovhase ande din hSO multi sles. It is5 azsumed,
however, thal the linearity of thio circuit is e-rnded considerahbly
Yy bas ooymetric ousy b oaf the Tlin-lon,
—rmrerirentation >f Ivist on Using Phase Ioclied Lo p
cannlvoticn o0 the ofocltry required to rooamalish frocuency
Cirisisc o volit oz oohase lacved 1aop [fi-vre23), it uas lacided that tho
Sl osoeorocie ~D Tibso s uoulu le the maltinliers and the T30 It
was cn.des 52 etermine, by cxperimentatisn with existing: 3
ohe yyoe Yhabt wadld te ased in a phase locked loop, whzt order
wrnitvhae of jitbter woula Ye intr-cducad,

Twe Loevtical harmonic multiplier chains we.se availatle hevin: a
woval muliiplicating facsor of 43 (2100 to WBIC ). These were arra.ged
o econfiswstion showm in Tigsure 2,9, The phase saifter was used
to callbrate tl.e phase detector in volts/radian, and the noise level or "grass
level” ag rmecsurcd on the scope was an indicatinn nf the “otal phase
nols2 intraduced by the multipliers, amplifiers, and phase detsctors,

e thase noise in 2 PLO oL 3 cng was mhasured as 0,7 de.rees —ealk
In et an irndication »f the noise which mi ht te introduced by

the VCO, the rultipliers were driven by separate oscillators as

shown in figure 2,9; both oscilliators are precision standards, one

10



oscillatcir is arranged as a VCC, Following the same »rocednre, the
noise was measurcd an the scope and f~und to be 1.L3 degrees peak., It
shauld be pointed out that "peak" is meanirgless in a statistical sense;
However, it is an indication of the order of magnitude of the noise
level.
2., Comrarissn of Results of Exveriientation

Difficultics are encountered in attempting to comnare directly
the results of experinentation of the two metgods because of the
different {requencies involved, The bistable multivib:rator method
was performed at the frequency required, 10 INC divided to 1.25 lC;
the orror was found to be tooamell to measure, and in any event smaller
than .125 degrees at 1,25 MC. The experimentation with components
similar to those vwhich would be used in phasé locked loop yielded a
phase error of 1.h3 degrees at L8 lC. To determine what the effect of
this amount of noise on a phase locked loop whose outnut i; 1 MC, it
is neceséary to divide the error by the multiplication factor involved,

This yields an answer of 1,13 = .03 degrees. This would represent

.0375 degrees at 1.25 1€ (.03 x 1.,251C). This is based on the assumption
' e

that the jitter in the multipliers is directly oroportional to the multi-
plication factor. It is likely, however, that the noise would be greater
than ,0375 since the same numbers of multiplier stages would be used,
(The x43 multiplication consists of two XL stages and one X3 stage).

This figure is smaller than that obtained for the binary division;
however, it is an actual measurement whercas the figure for the binary

case is a maximum figure, since no nolse was detected.
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It is concluded that division by bistable multivitrators is the
preferatle method for the following reasons:
(1) Simplicity
(2) Economy
(3) Outouts are compatible with use of a digital phase d=tector,
oreferable for simplicity and limsarity, end required by the

specification, The sine wave outputs from the phase locked
loop method require a squaring amplifier,

12



3.0 i Test Console Instrmentation

The speciric nurnose o the phase noize instrmentetinn is to
make accurate nhase noise “density functicn, viriance, »nd coectrinm
measurements during P system tects, A& block dicgram of the eqguirment
for a~ramplishing those mecswrements, nsing a binary divider system of
freguenry divisicon, is shoun in fimre 3.1, The follrwin: nerar-r: nhs
describe thc essertirl chriracteristics of the cormoncrts wiich would
be a pert ol the instrurentztion.
3.1 Palanced i'odudctérs

The balanced modiletors will bte ilentical to those used in the
Pii Receiver and described in that section of the renort. Figpwe 3,2

is a sciiein

)

tic diegram of the basic circuit.
3.2 1.7, Ampli{iers .

The I Amplificers are identical to tihisse used in the PM Receiver.
wach amplifier will consist of thrce stages of the basic feecdbtack pair
circuit siown in Schematic forn in figure 3.3.

3.3 These Thifter

It 15 anticipated that a type 2 resolver made by lerrimac Research
and Developnent Inc, will be used in this aslicstion, Tris model
;ives a coutinuons ohase shii”t from O to 360b with an acruracy of + 9,2
degrees, Insertion loss of 33 dt is comwensatzd bty nlacing an 17

amplifier imnediately after the phase suilter,

13
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3.4 Limiters

The limiters in this case will actually be high frequency scuaring
amplifiers., The best approach to this circuit appears to be a modifica-
tion of a family of digital packages develovned by Westinghouse to improve
the delay and rise time, The present circuit has a delay of approximately
15 nanoseco>nds and a rise time of approximately 10 nanoseconxis, It is
felt that the use of transistors of higher power now available will
result in an improvement sufficient to meet the specification of S nano-
seconds delay and L nanoseconds rise time. Symmetry is presently ac-
ceptable. |
3.5 Binary Dividers

The binary dividers will also be developed by modification of an
existing bistable multivibrator., Experimentation has shown that the
noise contributed by a binary divider system using circuits with rise
times of approxiqately 10 nanoseconds would be negligiblees Reduction
of the rise time would result in a reduction of any noise. The micro-
circuit group has developed a family of packages constructed in thin
film which can be 6perated as high as 50 MC., Modifications will be made
to make these packamges suitable for this apnlication. The modifications
to be made to the circuit will accomplish two things:

(1) Reduce the rise time to L nanoseconds

(2) Develop a symmetric output
3.6 Fhase Detsctor

The phase detector will be digital, and will be similar to the
phase detector used in the PM/FM transmitter. A schematic diagram of
the basic circuit was shown in figure 2,7. This type phase detector has

a response characteristics which is linear almost to + 90°, the

A
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princinal limitation being the rise time 2nd symmetry of the scusre
wave inputs,
3.7 Isolation Amplifiers

The DC isolation amplifier will be same arc vsed in severel sther
applications in the console, Philbrick tyme PPL5SL. The AC isolation
amplifier will consist of two stages of the feedback pair siniler to

thnse used in the IF amplifiers,

17



